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Introduction

The world is making progress day by day and making our life
easier. The most important role in this regard is played by the
industries. Thus, the development of the society and hence the
mankind is totally depends on industrialization. Industries play a
dual role one is directly and another indirectly. The first one is
that, industries make the thing which we needed daily and on
the other hand it causes pollution. Air pollution, sound
pollution, water pollution, soil pollution are some of the main
pollutions occurs due to the adverse effect of industries. The
source of different kind of pollution varies from one another.
But, the main source of water pollution is the discharge of
industrial effluents. Last few decades have witnessed the
discharge of huge amount of industrial waste water in to the
nearby fresh water bodies. Therefore, it pollutes the source of
fresh water. It results into severe pollution causing adverse
effect on the human and the ecosystem. The worst sufferers are
the aquatic lives. Thus the industrial waste water are needed to
be treated before its discharge to the environment(Rajaram &
Das, 2008).

Different kind of industries produces different kind of waste
water. The combination of the pollutant varies from sector to
sector. It depends on the type of effluent produced from the
industries. There are two types of effluent(Industrial Waste —
Safe Drinking Water Foundation, n.d.)

e Organic
® Inorganic

The different type of effluents needs different treatment.

Iron and steel industries produces mainly metal ions, some
acids, and phenolic compounds etc. as effluents(Patterson,
1985). The textile industries produce compounds of sulphates
and chromium as industrial effluents. Same kind of pollutants
comes out from leather industries.

Ceramic and cosmetics industries produce kaolin as industrial

effluent(Gu et al, 2015). Chemical industries produces
hazardous chemical and toxic metal ion as an effluent.
Petrochemical industries produce mineral oils as an

effluent(Shrivastava & R.L., 2017). Mining industries produces
metals, acid etc. as an effluent(Review of Water Pollution
Problems and Control Strategies in the South African Mining
Industry | Water Science and Technology | IWA Publishing, n.d.).

Here is the list of all the pollutants produced from different kind
of industries.

Industries Effluents

Iron and steel Mainly metal ions, some acids,

phenolic compounds etc.

Textiles Compounds of sulfates and chromium

Paper Organic  compounds  containing
chlorine

Ceramic and cosmetics Kaolin

Chemicals Hazardous chemicals, toxic metal

ions

Petrochemicals Mineral oils

Metals, acids etc.

Mining

The settling and filtration and hence separation of these
effluent becomes difficult mainly due to the small size of the
particles and presence of surface charge over these particles. So,
it becomes very challenging to the research world for the
treatment of these industrial effluents. There are various
methods available for the treatment of the waste water. These
are listed as below:

® lon exchange

® Membrane filtration

e Precipitation

e Flotation

e Solvent extraction

e Adsorption

e Coagulation

e Flocculation

e Biological and electrolytic method.

Flocculation

Flocculation is the process of forming agglomeration of small
suspended particles into large sized flocs and settling down due
to the force of gravity. The process of flocculation is simple,
effective, requires less time and can be extensively used for
various types of waste water(Singh et al., 2003).
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Coagulation

Coagulation is the process of destabilization of colloids via
addition of chemical and this occurs by neutralization of
charges. Commonly used coagulants are alum, polyaluminum
chloride (PAC), ferric chloride, ferrous sulphate, calcium chloride,
magnesium chloride. But the application of coagulants is limited
due to the following reasons:

e Higher dosage requirement

e Production of large amount of toxic sludge

e Disposal problem

e Causing numerous health hazards (PAC causes Alzheimer’s)
e Sensitivity to pH

e Inefficient in cold condition

* Not good for fine particles

I I'vpes of Flocculants |

3*'.\'nﬂl\'|i\'()mm1ir/ [ Natural polymers ]
Flocculants | as Floceulants

1. Polyacrylamide and  its 1. Chitosan

derivatives 2. Starch
2. Polycthylencimine 3. Cellulose
3, Polyamine 4. Alginate
4. Polyaceylic acid 5. Guar gum
A DADMAC ctc. 6. Xanthan gum

7. Amylose etc.

Flocculants are of two types

e Synthetic organic flocculants
e Natural polymers as flocculants

But there are some pros and cons of using synthetic polymers
as flocculating agent:

Pros

e Tailor made

e Controlled molecular weight

e Controlled molecular weight distribution
e Desirable functional groups

e Can be modified

e Efficient flocculation

Cons

* Non-biodegradable
e Shear resistant
e Unreacted monomers have toxic effects

Not only these synthetic polymers but also the natural
polymers have some pros and cons which are listed as below:

Pros

e Low molecular weight
e Shear stable

e Bio-degradable

e Cheap

e Easily available

e Non-toxic
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Cons

e Biodegradability reduces shelf life
e Requires larger dosage
® Flocs are unstable in nature

To overcome these difficulties natural polysaccharides are
grafted with synthetic monomers on the polymeric backbone.
The advantages of grafting can be listed below:

Advantages

e Decrease in bio-degradable nature

e Increase in percentage of synthetic monomers

e Due to grafting shear stability increases

¢ Also due to the presence of polysaccharide backbone it is also
biodegradable

e Approachability of polymeric chains towards contaminants
increases

It has been found that the graft copolymers having fewer and
longer chains are more effective flocculants(Bazoubandi &
Soares, 2020).

Mode of synthesis of graft copolymers

Chemical method

In this method the natural polysaccharides are at first
dissolved in distilled water and the monomer is added. After
homogenization, inert atmosphere is created by using nitrogen
gas and then initiator is added. The reaction is allowed to do for
4 hours and after completion of reaction, it will be terminated
by restriction of nitrogen gas and exposing to the atmospheric

- 3

. . by exposing fo air
Polysaccharide %ﬂﬂiw radical formation

Radiation induced grafting

Inert atmosphere Reaction terminated

Graft Copolymer

In this method the natural polysaccharides are at first
irradiated with source of ionizing radiation and the monomer is
added. After homogenization, inert atmosphere is created by
using nitrogen gas and then initiator is added. The reaction is
allowed to do for few minutes and after completion of reaction,
it will be terminated by restriction of nitrogen gas and exposing
to the atmospheric oxygen(Singh et al., 2003).
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Materials required

The materials that are essential for the synthesis of graft
copolymer by chemical method can be listed as follows:

e Polysaccharide (chitosan, xanthan gum, starch etc.)
¢ Vinyl monomers ( acryl amide, acrylic acids etc)

e |nitiator (KPS, APS)

e Distilled water

e Acetone

Scheme of synthesis

The polysaccharide will be dispersed in distilled water at some
heating temperature and under continuous stirring. Inert
atmosphere created by the continuous purging of nitrogen gas
to the system. monomer solution to be added to the polymer
solution and keep on stirring to become homogenous. Then,
solution of initiator is added to the system and added to
polymerize for several hours. After completing the
polymerization, the reaction will be terminated by exposure to
the atmosphere and restricting the supply of nitrogen gas. The
graft copolymer is then precipitated in acetone and dried to
constant weight(Molatlhegi & Alagha, 2017).
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The active radical formation takes place on the surface of the
polymeric backbone. The radical then attack on the double bond
of the vinyl monomer and the grafting goes on. The
polymerization then continues and the reaction is terminated by
exposure to oxygen(Kolya et al., 2017).
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Degree of grafting

weight of the grafted copolymer-weight of the polysaccharide

0
weight of the polysaccharide x100%

Mechanism of flocculation

Flocculation occurs mainly by two mechanisms (Lee et al.,
2014):

e Charge neutralization: This type of mechanism is prevalent
when the graft copolymer carries positive charges and the
effluent is negatively charged. The agglomeration formation
occurs due to the neutralization of charges over both of them.

e Bridging mechanism: This type of mechanism is prevalent
when the long chain polymers having high molecular weight
and low charge density adsorbed over the surfaces of particles
such that loops and tails that extend far beyond the electrical
double layer.
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Characterization

After graft copolymer formation, it will be thoroughly washed
with solution to remove unreacted monomers, polymers and
any other impurities. It is then characterized by several
analytical techniques to identify the structural properties. The
techniques are listed below (Kolya et al., 2017):

FTIR To analyze the functional
groups

NMR Conformation of polymeric
chain i.e. change in structure
on grafting

TGA to measure weight changes as
a function of temperature and
time.

DSC to study the melting of a
crystalline polymer

SEM To analyze the surface
morphology

DLS To analyze the hydrated radius
of the polymer

ZETAPOTENTIAL Surface charges on polymer

Examples of graft copolymers

The examples of graft copolymers has been listed (Bazoubandi
& Soares, 2020; Das et al., 2019; Li et al., 2017; Mishra & Kundu,
2019; Mittal et al., 2018; Molatlhegi & Alagha, 2017, 2017;
Nandi et al., 2019)below(Bazoubandi & Soares, 2020; Molatlhegi
& Alagha, 2017; Li et al., 2017; Nandi et al., 2019; Das et al.,
2019; Mittal et al., 2018; Mishra & Kundu, 2019)

PAAM-g-TSG Nandi et al. (2015} efficient flocculant towards
paracetamed suspension than the
ungrafted one

The efficacy of flocculation was
found to be suspensions of 95.98%,
40.52% and 68.94% respectively of
kaolin, coal fine and iron ore

efficiency as flocculant towards the
treatment of blast furnace effluent

FG-g-PAM Mishraet al. (2019)

Stg{PAAM-CO-PMETAC) Das etal. (2019)

Gg-cHPAAM Mittal et al (2017) Efficient flocculant towards waste

water
Chi-g-PAM Molatiheg et al. (2017} Chi-g- PAM exhibited a better
flocculation and settling  activity

compated to chitosan

Efficient flocculants towards oil
sand tailings

AP-g-PAAM Bazouband et al. {2019}

Flocculation tests revealed that
CTS-g-PAMA displayed not only an
excellent flocculation effect but also
a high stevilization capacity

CTS.g-PAMA Lietal (2017)
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Conclusion and future perspective

e The application of conventional flocculant has been well
tested and verified on waste water

e Shows remarkable results in removal of TSS, turbidity, COD,
color removal sometimes upto 90%

e Future works on producing best flocculant that can work in
wide range of pH

e Research should be carried out to see how molecular weight
and charge distribution affects flocculation

e Optimization should be done to get effective flocculation at
lower cost

¢ Industrial research work should be carried out for its real time
application
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